
POLYTEOINIC INST TRW NW M S4.EMM L98
N50R-Th-4?-I?69 WOSt-05-0225

UIELASSIFIED F/0 20/11 NLm h h h h h hhINh mLNM ONIUU MISU)IENSlR /



N:.

-a..
2.2'

1.40 1 1 .0i

%o%

.,'.

-.

45'.,

,,



CU)V AD-A 190 538 __ _ _ _ _ _ _ _ _ _ _

Oj.4CUMENTATION PAGE
1. R4EPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS

UNCLASSIFIED _______________________NU_________

2a SEC -.A CLASSIFICATION AU 3 DISTRIBUTION/A VAI LABILITY OF REPORT

Approved for public release; distribution
2b OECLASSFCATONDOWNGRA Ct LAnlmie

N/Auniie%
0E~P;CMING ORGANIZATION FtR NuMBER 5 MONITORING ORGANIZATION REPORT NUMBERIS)

r- 41, D Foa - Me 8 7 -176 9
6. %AME OF PERFORMING ORGANIZATION 5b. OFFICE SYMBOL 7c. NAME OF MONITORING ORGANIZATIONr fappticable.

Rensselaer Polytechnic Insr t
6c. ADDRESSCit) -*,(ate and ZIP Code, 7b. ADDRESS (City, Slate and ZIP Code)

Building 410
Troy, NY 12180 Boiling AFB DC 20332-6448

g. NAME OF FUNDING/SPONSORING ~ Sb. OFFICE SYMBO0L 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBERe
ORGANIZAT ION 1/appitcabie IFO % e23

AFOSR NM FSR8-03

Sc ADDRESS City. State anid ZIP Code) 10. SOURCE OF FUNDING NOS.

PROGRAM PROJECT TASK WORK UNIT

Building 410 E LE MENT NO. NO. NO. NO

Boiling AFB DC 20332-6448
I1I TITLE (fflciIue Security Claaifiationi 61102F 2304 Al
problems in Nonlinear Continuum Dynamics

12. PERSONAL AUTHORISI
Marshall Slemrod

13.& TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT tYr. Mo.. Day) 15. PAGE COUNT

Final F ROM' Se85Tl Sep_ 8 Sep. 1988 7

1S. SUPPLEMENTARY NOTATION

* 19. ABSTRACT Continue on reverse if neceua4ry and iden tfih b Miuch nur'ber

The focus of this research was primarily feedback stabilization of distributed
*parameter systems. The principal investli 'ator derived feedback operators for a general

calss of distributed systems, which include flexiblem beams, under the constraint of
bounded control. Six papers were published, including "Feedback Stabilization in

Hilbert Space".

20. OISTRIBSUTION/AVAILABI LIT Y OF ABSTRACT 121 ABS TRACT SECURITY CLASSIFICATION

UNCLASSIFIED/UNLIMITED EX SAME AS RPT EXOCTIC ,.SEQS JUNCLASSIFIED

22s. NAME OF RESPONSIBLE INDIVIDUAL 22t) TELEPHONE NUMBER 22c OFFrICE SYMBOL

M~ n~ Crowlev (0)6-05N

DD FORM 1473, 83 APR EDITION OF I AN 73 IS OBSOLETE_______________

.I. ~SECUPITY CkSF'AINOF THIS PAGE



.J .%s,.1M- 8 7 -7 -

FINAL PROGRESS REPORT

,AFOSR-85-0239

S' Problems in Nonlinear Continuum Dynamics

N..

Marshall Slemrod

formerly at:

Rensselaer Polytechnic Institute

Troy, NY 12180

currently at:

Center for the Mathematical Sciences
University of Wisconsin-Madison

610 Walnut Street

Madison, WI 53705

.-- ............. ..
%

C '. ' , , ( : ,'

H...................

.K



0. Introduction.

The research done under AFOSR-85-0239 falls into three categories:

(1) feedback stabilization of distributed parameter control systems;

(2) continuum dynamics of materials exhibiting phase transitions;

(3) dynamics of reacting chemical systems.

Research in the first two areas has been an ongoing project of the

investigator over the past several years. Research in (3) is a new endeavor

by the investigator in collaboration with L. A. Segel. The results of the

research have and will appear in journal articles. In addition two Ph.D.

theses have been completed under the grant and one is currently in progress.

In this report a discussion will be given as to the nature of the

research and results obtained in each of the above three categories.
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1. Feedback stabilization of distributed narameter control systems.

In this research the investigator concerned himself with finding feedback

laws for control systems governed by partial differential equations. In

particular those control systems which give the dynamics of aero-elastic

systems have been of particular interest. To make the issue more transparent

the following example drawn from the work of Dr. J. Hubbard at M.I.T.'s Draper

Laboratory may be helpful.

Consider the control system

aw aw

w + - 0 for 0 < x L
2 34

3wv --- 0 for x m 0,

a2w ___

-- - + f(t)
ax2 at2ax

3x Lt~
x i L (1.1)

a3 W a233w 32w

3x 3at
2

Here w(x,t) denotes the displacement of a beam and f(t) is an applied ,

scalar boundary control, !f(t)J < r, r > 0. In the absence of the control U.
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f the beam oscillates in an almost periodic fashion. The goal is to find a

feedback control

f(t) - F(w(x,t))

where F is some functional of w(x,t) and its derivatives that will drive

w(x,t) and wt(x,t) to zero as t * -. This control will then stabilize the

system and eliminate undesired oscillations. We note the control law must be

nonlinear due to the imposition of the constraint

IF(w(x,t))l r

In his research the investigator reformulated this problem in an abstract

setting so as to cover a large class of problems in a unified setting.

Basically the idea was to place the problem in the format of an evolution

equation in a Hilbert space so that (1.1) could be written in the form

du -Au + Bf (1.2)
dt

where A is the infinitesimal generator of a linear semigroup eAt on a

Hilbert space H, f lies in a second Hilbert space E and B is a bounded

linear operator mapping E to H, u denotes the state of the system. Our

constraint is now l fE < r.
E

In this formulation the investigator was able to use the tools of

dynamical system theory developed earlier by the investigator, J. Ball, and

C. M. Dafermos to find a stabilizing feedback control. The results appear in

the paper

"Feedback stabilization of 1- = Au + Bf in Hilbert space when
dt

Ifi 4 r" by M. Slemrod submitted to Mathematics of Control, Siqnals,

and Systems.

It is also interesting to note tht by working in a general setting a

problem raised by A. V. Balakrishan for the feedback stabilization of the NASA

Spacecraft Control Laboratory Experiment (SCOLE) (see A. V. Balakrishnan, A.

Mathematical Formulation of a Large Space Structure Control Problem, 24th

Conference on Decision and Control, IEEE, Dec. 1985) was solved in this same

paper of the investigator.

2



2. Continuum dynamics of materials exhibiting phase transitions.

The research done in the area of continuum dynamics of phase transitions

centers on understanding dynamics of van der Waals like materials.

The reason for interest in these materials is that they provide the

simple mathematical models for materials w, 7h can exist in two (or more)

phases, e.g. for water: liquid, vapor, solid phase. More exotic materials

such as plutonium can exist in even more phases (for plutonium seven phases

are possible).

To see analytically what the mathematical issues are recall that the van

der Waals constitutive equation for a compressible fluid is given by (see e.g.

E. Fermi, Thermodynamics, Dover)

p(w,e) R-b 2 (2.1)

w

where p is the pressure, 6 is the absolute temperature, w is the

specific volume, R, a, b are positive constants. It is not hard to show

that there is a critical value of 3, the critical temperature ecrit' so

that for

> (w,8) < 0 , (2.2)
crit aW

and for e < Ocrit

.i2. (w,O) < 0, b < v < a, B < w < o.
'S. aw

where a and are constants a < 8, and

.'

(w,O) > 0, a < w < B

(the spinodal region).

The spinodal represents an anamalous region where the usual view that

pressure should be monotone decreasing in specific volume is violated.

Furthermore substitution of this choice of p into the isothermal balance

laws of mass and momentum (in Lagrangian coordinates)

au + Lp(w) - 0
at ax

(2.3)

aw au 0
at 

5x

where u is the velocity yields a mixed hyperbolic-elliptic initial value
:::,
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problem for 8 < ecrit i.e. (2.3) is hyperbolic on b < w < (z, < < w < m and

elliptic on a < w <.

The investigator has attempted to understand (2.3) over the past years

and written numerous papers on the subject under the present and previous

AFOSR grants.

Under the present grant the main work has been on the resolution of the

Riemann initial value problem i.e. solvability of the one dimensicnal initial

value problem for a van der Waals fluid (2.3) with initial data
• ..p.

u(x,0 = u_ u(xO) = u +

x < ; x > 0 (2.4)
w(x,O) - w w(x,O) = w .,

Here u_, w_, u+, w+ are constants.

Motivated by previous work of the investigator an attempt to solve (2.3),

(2.4) was made via the method limiting artificial viscosity. Specifically

(2.3) was regular4 .-ed by the "viscous" system

t x xx
(2.5)

Wt u Etw
t X xx

System (2.5) has the advantage that it admits solutions in the similarity
xvariable t = , i.e. if we set u = u(s), w = w(r) and substitute into

(2.5) we have

-&us + p I = U'

(2.6)
-&we - U' - sw'' ,

and initial conditions (2.4) become

u(-m) u , w(-=) -w, u(+-) inu ,w(+-) -w+ (2.7)

In his paper

A limiting viscosity approach to the Riemann problem for a

van der Weals fluid, to appear Archive for Rational Mechanics -

and Analysis

the investigator show for initial data in different phases e.g. v- liquid, 7

W+ vapor (2.6) always possesses a solution uE, wC. Also exceot for one

special case the limit as E * 0+ of (uV,wC) exists - (u,w) and u, w p

4
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* satisfy (2.3), (2.4) i.e. the Riemann problem is solved.

In line with this area of research the investigator has supervised two

Ph.D. theses at R.P.I.

B. Cassis, T e method of compensated compactness applied to a singular

perturbed fourth order nonlinear p.d.e. and a mixed hyperbolic-

elliptic system of p.d.e.'s., submitted June, 1986.

M. Grinfeld, Topological techniques in dynamic phase transitions, submitted

May, 1986.

A third thesis is being written by a student Luis Leon.

3. Dynamics of reacting chemical systems.

This research is a collaboration effort with Professor L. A. Segel of the

Weizmann Institute of Science, Rehovot, Israel. The problem is to study an

approAimation method, usually called the quasi-steady state assumnption (QSSA)

or pseudo-steady-state hypotheses (PSSH) which arises in the study of bio-

chemical kinetics. In its simplest form, the QSSA deals with kinetics

described by systems of ordinary differential equations wherein after an

initial fast transient, one (or more) of the dependent variables may be

regarded as in steady state with respect to the instanteous values of the

other dependent variables.
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The most studied example of the QSSA concerns a biochemical reaction
*wherein an enzyme (concentration E) reacts reversibly with another chemical

(concentration S, the substrate) to form an enzyme-substrate complex

(concentration C). After some manipulations and elimination of E the basic

problem becomes analysis of the nonlinear system of ordinary differential

equations

dS- -k (E-C) + k C ' (3.1)

dCd- kl(E0-C)S - (k_1 + k 2)C

(3.2)
S(0) - S0, C(0) - 0 ,

where k- 1, k1 , k2 E0 are positive constants.

In the QSSA it is argued that experimental measurements are generally

performed after a relatively short pre-steady period but before the substrate

value appreciably decays. It is in this period that chemists argue that C

is approximately a constant so that - 0. But if 0 then C3.2) tells
dt dt

us k +k

C f E0 S/(k m+S) k m (3.3)

and by (3.1) S is governed by the estimate

dS k2 E0S-- - (3.4)
dt (k +S)

Approximation (3.3), (3.4) constitute the QSSA.

The result of the research on the QSSA was the following:

(1) L. A. Segel has given an argument based on appropriate choice of

non-dimensional parameters to formally suggest when the QSSA holds.

(2) M. Slemrod has used arguments from the qualitative theory of

ordinary differential equations to prove Segel's formal conjecture

is rigorously true.

The collaboration was a true meshing of two different modes of thought to

solve a classical problem in applied mathematics. The authors believe they

have the most general result on the validity of the QSSA to date. Furthermore

6
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the authors result is StAted within the utmost mathematical rigor.

A paper has been prepared for submission to SIAM Review entitled "A Study

of the Quasi-steady State Assumption", by L. A. Segel and M. Slemrod.

Publications: AFOSR-85-0239

4du

M. Slemrod, Feedback stabilization of !t - Au + Bf in Hilbert space when

dt
If ( r, submitted to Mathematics of Control, Signals, and Systems.

M. Slemrod, A limiting viscosity approach to the Riemann problem for a van der

Waals fluid, to appear Archive for Rational Mechanics and Analysis.

L. A. Segel and M. Siemrod, A study of the quasi-state assumption, to be

submitted to SIAM Review.

M. Slemrod, Admissibility criteria for phase boundaries, Proc. of Conference

on Hyperbolic Problems, St. Etienne, France, ed. C. Carrasso, Springer-

Lecture Notes in Mathematics, (1987).

M. Slemrod, The laSalle invdriance Principle in infinite Dimensions, Proc.

Engineering Foundation Conference on Nonlinear Dynamics, to appear.

M. Slemrod, Recent trends in the continuum theory of phase transitions, in

Advances in Multiphase Flow and Related Problems, ed. G. Papanicalaou,

SIAM Publications, (1986).

Patents: None applied for.
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